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Abstract
Studies of τ mesonic decays are presented. A mechanism for axial-vector current at
low energies is proposed. The VMD is used to treat the vector current. All the meson
vertices of both normal parity and abnormal parity (Wess-Zumino-Witten anomaly)
are obtained from an effective chiral theory of mesons. a1 dominance is found in the
decay modes of τ lepton: 3pi, f(1285)pi. Both the ρ and the a1 meson contribute to the
decay τ → K∗Kν, it is found that the vector current is dominant. CVC is tested by
studying e+e− → pi+pi−. The branching ratios of τ → ωpiν and KK¯ν are calculated.
In terms of similar mechanism the ∆s = 1 decay modes of τ lepton are studied and
Ka dominance is found in τ → K∗piν and K∗ην. The suppression of τ → Kρν is
revealed. The branching ratio of τ → ηKν is computed. As a test of this theory, the
1
form factors of pi → eγν and K → eγν are determined. Theoretical results agree with
data reasonably well.
2
1 Introduction
The τ mesonic decays have been studied by Tsai[1] before the discovery of the τ lepton.
All the hadrons in τ hadronic decays are mesons, therefore the τ mesonic decays provide a
test ground for all meson theories. The mesons produced in τ hadronic decays are made of
the light quarks. Therefore, chiral symmtery play an important role in studying τ mesonic
decays. In Ref.[2] the τ mesonic decays are associated with the chiral dynamics. It is pointed
out[2] that ρ-dominance is necessary to be introduced and the chiral limits of the hadronic
matrix elements at low energies are set up. In Ref.[3] the τ mesonic decays are studied by
using SU(3)×SU(3) chiral dynamics with the resonances phenomenologically introduced. In
Ref.[4] a Lagrangian for psedoscalar and vector mesons has been constructed to investigate
τ physics. In Refs.[5] in studing three pseudoscalar mesons decays of τ lepton the form
factors of these decays are constructed by chiral symmetry and dominated by the lowest
resonances. The abnormal decays have also been studied[6,7,8,9,10]. The vector meson
dominance(VMD)[12]has been applyed to study the τ decays in which the meson staes have
even G-parity[2-10].
In Ref.[11] an effective Lagrangian of three nonets of pseudoscalar, vector, and axial-
vector mesons with U(3)L×U(3)R is obtained. The chiral symmetry breaking scale Λ deter-
mined in Ref.[11] is 1.6GeV, therefore, this theory is suitable to be applyed to study τ mesonic
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decays. The VMD is a natural result of this theory. Wess-Zumino-Witten action[WZW][15]
is obtained from the leading terms of the imaginary part of the effective Lagrangian. This
theory has been applied to study the form factors of Kl3, τ → ρν, τ → K∗ν and theo-
retical results are in good agreements with data[11]. Based on this effective chiral theory
of mesons[11], a theory of τ mesonic decays is developed and a unified study of τ mesonic
decays is presented in this paper.
In the standard model the W bosons are coupled to both the vector and the axial-vector
currents of the ordinary quarks. The hadronization of the quark currents is a problem
of nonperturbative QCD. In the dynamics of ordinary quarks both chiral symmetry and
chiral symmetry breaking are important. The VMD and CVC are successful in studying
the matrix elements of vector current[16]. VMD is a natural result of the effective chiral
theory of mesons[11]. In this paper the VMD is exploited to treat the matrix elements of
the vector currents of τ decays. Before this paper the VMD has been already exploited to
study τ mesonic decays[2-10]. The difference between this paper and others in the case of
two flavors is that the coupling of ρππ, fρpipi, derived in Ref.[11] is no longer a constant, but
a function of q2(q is the momentum of ρ meson). It means that the vertex ρππ has a form
factor. Detailed discussion is presented in section 7.
It is well known that in the chiral limit, the axial-vector currents and the vector currents of
ordinary quarks form a SU(2)L × SU(2)R algebra which leads to Weinberg’s sum rules[13].
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On the other hand, a1 meson is the chiral partner of ρ meson[14]. However, a1 meson is
much heavier than ρ meson. In Ref.[11] this mass difference refers to the spontaneous chiral
symmetry breaking and this effect should be taken into account in bosonizing the axial-vector
currents. The effect of the spontaneous chiral symmetry breaking on the bosonization of the
axial-vector currents at low energies is studied in this paper. The axial-vector currents
contribute to the meson states of τ decays, which have negative G-parity. The hadronic
matrix elements of the axial-vector currents derived in this paper are differnt from other
studies. The Breit-Wigner formula for a1 resonance takes(see Eq.(35))
−g2f 2am2ρ + i
√
q2Γa(q
2)
q2 −m2a + i
√
q2Γa(q2)
.
The difference originates in the spontaneous chiral symmetry breaking which is responsible
for the mass difference of the ρ and the a1 mesons. Due to the chiral symmetry breaking, at
q2 = 0 this formula is equal to g2f 2a
m2ρ
m2a
and the mass of the a1 meson is still there.
There are two kinds of meson vertices in τ mesonic decays : the vertices of normal parity
and the ones of abnormal parity. The later are from the Wess-Zumino-Witten Lagrangian.
In Ref.[11] it shows that the WZW Lagrangian is the leading term of the imaginary part
of the effective meson Lagrangain and the fields in WZW Lagrangian are normalized to
physical meson fields. The normalization of the fileds of the WZW action is very important.
The normalization constants for the vector and axial-vector fields are different[11] and due
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to the mixing effects the axial-vector fields are always associated with ∂µP , where P is the
corresponding pseudoscalar field.
All the meson vertices are obtained from Ref.[11] and they are fixed completely and most
of them have been tested already[11]. It is necessary to point out that the vertices of VPP
obtained in ref.[11] are functions of momentum(see Eq.(37) fρpipi and see section 7 for details)
and the vertices of AVP depend on momentum strongly(see Eq.(27), for example) and due
to the cancellation in the vertices AVP the dependence of momentum is very important in
understanding τ → ν(mesons)G=−.
In the chiral limit, the theory used to study τ mesonic decays consists of three parts: VMD
for vector currents, a new expression of axial-vector currents, and vertices of mesons. All
these three parts are determined by the effective chiral theory of mesons[11]. All parameters
have been fixed.
In many studies[5,6,8,17] besides the ρ meson the exicted ρ(ρ′ and ρ′′) are taken part
in. In this paper only the ρ meson is included. In the region of higher q2 the effects of the
form factor of VPP vertex and other decay channels of ρ(such as KK¯, KK∗,...) are taken
into account in calculating the decay widths. So far, theoretical results agree with data
reasonably well. In this paper only the lowest resonances are taken into consideration.
It has been shown in Ref.[11] that the diagrams at tree level are at order of NC and
the loop diagrams of mesons are at higher order in large NC expansion. In Ref.[11] large
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NC expansion is implored to argue the success of the effective theory. Following the same
argument, all calculations are done at tree level in this paper.
The paper is organized as 1.introduction; 2.general expression of the axial-vector cur-
rents; 3.determination of LV,A; 4.a1 dominance in τ → πππν decay; 5.a1 dominance in
τ → f1(1285)πν decay; 6.τ → K∗Kν; 7.CVC and e+e− → π+π−; 8.τ → ωπν; 9.τ → KK¯ν;
10.the form factors of π → eγν; 11.effective Lagrangian of ∆s = 1 weak interactions; 12.Ka
dominance in τ → K∗(892)πν; 13.τ → K∗ην; 14.τ → ηKν; 15.the form factors of K → eγν;
16. conclusions.
2 General expression of the axial-vector currents
In the case of two flavors the expression of VMD[12] is written as
e
2fv
{−1
2
F µν(∂µvν − ∂νvµ) + Aµjvµ}, (1)
where v = ρ0, ω, φ, fv is the decay constant of these vector mesons respectively, and j
v
µ are
the appropriate currents determined by the substitution
vµ → e
2fv
Aµ (2)
in the vertices involving neutral vector mesons. CVC works very well in the weak interactions
of hadrons and in τ mesonic decays[16]. In the chiral limit, the vector part of the weak
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interaction of ordinary quarks is determined by CVC
LV = gW
4
cosθC
1
fρ
{−1
2
(∂µA
i
ν − ∂νAiµ)(∂µρiν − ∂νρiµ) + Aiµjiµ}, (3)
where i = 1, 2 and Aiµ are W boson fields. In the vector part of the weak interaction there
is ρ dominance(two flavor case). jiµ is derived by the substitution
ρiµ →
gW
4fρ
cosθCA
i
µ (4)
in the vertices involving ρ mesons. At low energies the matrix elements of the vector currents
go back to the chiral limit[2].
Chiral symmetry is one of major features of QCD. It is known for a long time that
the a1 meson is the chiral partner of ρ meson[14] and both are treated as nonabelian chiral
gauge fields[14]. On the other hand, it is well known that in the chiral limit, the vector
and axial-vector currents form a SU(2)L × SU(2)R algebra which leads to Weinberg’s sum
rules[13]. Based on the chiral symmetry it is reasonable to think that in the axial-vector
part of weak interaction of ordinary quarks there is a term which is similar to VMD
− gW
4
cosθC
1
fa
{−1
2
(∂µA
i
ν − ∂νAiµ)(∂µaiν − ∂νaiµ) + AiµjiWµ }, (5)
where aiµ is the a1 meson field, fa is a constant, and j
i,W
µ is the appropriate current obtained
by substituting
aiµ → −
gW
4fa
cosθCA
i
µ (6)
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into the Lagrangian in which a1 meson is involved. On the other hand, pion can couple to W
boson directly. The second term in the axial-vector part of weak interaction of the ordinary
quarks is
− gW
4
cosθCfpiA
i
µ∂
µπi. (7)
As a matter of fact, a1 meson is much heavier than ρ meson. The spontaneous chiral
symmetry breaking is responsible for the mass difference. Therefore, due to the effect of
spontaneous chiral symmetry breaking in the Lagrangian of meson theory there should be
an additional mass term for a1 meson
1
2
∆m2f 2aa
i
µa
iµ. (8)
Using the substitution(6), a new coupling between W bosons and a1 mesons is revealed
− gW
4
cosθC∆m
2faA
i
µa
i,µ. (9)
Adding these three terms(5,7,9) together, the axial-vector part of the effective Lagrangian
of weak interaction of ordinary quarks is obtained
LA = −gW
4
cosθC
1
fa
{−1
2
(∂µA
i
ν − ∂νAiµ)(∂µaiν − ∂νaiµ) + AiµjiWµ }
−gW
4
cosθC∆m
2faA
i
µa
iµ − gW
4
cosθCfpiA
i
µ∂
µπi. (10)
In Eq.(10) there are two parameters fa and ∆m
2 which are necessary to be determined.
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Weinberg’s first sum rule
g2ρ
m2ρ
− g
2
a
m2a
= f 2pi (11)
is derived by using SU(2)L×SU(2)R chiral symmetry, current algebra, and VMD, where gρ
and ga are defined by following formulas
< 0|ψ¯τiγµψ|ρλj >= gρδijǫλµ, < 0|ψ¯τiγµγ5ψ|aλj >= gaδijǫλµ. (12)
Using Eqs.(3,10), we obtain
gρ = −
m2ρ
fρ
, ga = −m
2
a
fa
+∆m2fa. (13)
It can be seen from Eqs.(4,6) that the ρ fields are associated with fρ and a1 with fa. After
spontaneous chiral symmetry breaking the effective mass terms of ρ and a1 mesons are
written as
1
2
(∆m2 +m20)f
2
aa
i
µa
iµ +
1
2
m20f
2
ρρ
i
µρ
iµ (14)
and
m2ρ = m
2
0f
2
ρ , m
2
a = f
2
a (∆m
2 +m20). (15)
Eq.(15) leads to
∆m2 =
m2a
f 2a
− m
2
ρ
f 2ρ
. (16)
From Eqs.(13,16) we obtain
ga = −fa
f 2ρ
m2ρ. (17)
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Substituting Eqs.(13,17) into Eq.(11), we determine
f 2a = f
2
ρ (1−
f 2pif
2
ρ
m2ρ
)
m2a
m2ρ
, ∆m2 = f 2pi(1−
f 2pif
2
ρ
m2ρ
)−1. (18)
The values of fa and ∆m
2 are determined by fpi, fρ, mρ, and ma. In general, fa 6= fρ.
Therefore, LA is fixed. The vector current is conserved in the limit of mq = 0. The axial-
vector current derived from Eq.(10) must satisfy PCAC. It will be shown that it is necessary
to have all the terms in Eq.(10) to satisfy PCAC.
3 Determination of LV,A
An effective chiral theory of pseudoscalar, vector, and axial-vector mesons has been pro-
posed[11]. In this theory both the physical processes of normal parity and abnormal parity
are studied by one Lagrangian. Theoretical results agree with data well. In the limit of
mq = 0, the Lagrangian is
L = ψ¯(x)(iγ · ∂ + γ · v + γ · aγ5 −mu(x))ψ(x)
+
1
2
m20(ρ
µ
i ρµi + ω
µωµ + a
µ
i aµi + f
µfµ)
(19)
where aµ = τia
i
µ + fµ, vµ = τiρ
i
µ + ωµ, , and u = exp{iγ5(τiπi + η)}, m is a parameter. The
fields in the Lagrangian(19) are not physical and the physical meson fields have been defined
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in Ref.[11]. This Lagrangian is global SU(2)L × SU(2)R chiral symmetric. On the other
hand, the spontaneous chiral symmetry breaking is revealed in this theory when πi, η = 0
are taken. This theory has both explicit chiral symmetry breaking(PCAC) by adding the
current quark masses −ψ¯Mψ(M is the quark matrix) to the Lagrangian and dynamical chiral
symmetry breaking(quark condensate)[11].
The explicit expression of VMD(1) has been found in Ref.[11]. The expressions of
LV,A(3,10) have been derived by this effective theory(see Eqs.(76,77,78) of Ref.[11]) too.
Following expressions are revealed from this effective chiral theory
gρ = −gm2ρ, (20)
ga = −g(1− 1
2π2g2
)−
1
2m2ρ, (21)
fρ = g
−1, (22)
fa = g
−1(1− 1
2π2g2
)−
1
2 , (23)
(1− 1
2π2g2
)m2a = 6m
2 +m2ρ, (24)
∆m2 = 6m2g2 = f 2pi(1−
f 2pi
g2m2ρ
)−1, (25)
where g is a universal coupling constant and m is a parameter related to quark condensate.
The term 6m2 in Eq.(24) and the factor (1 − 1
2pi2g2
) in Eqs.(23,24) are from spontaneous
chiral symmetry breaking of this theory. In this paper we choose g = 0.39. Using this
value, the theoretical results obtained in Ref.[11] agree with data well. For example, we
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obtain Γρ = 142MeV and ma = 1.20GeV . It is necessary to point out that Weinberg’s first
sum rule is satisfied analytically in this effective chiral theory. Eqs.(18) are satisfied too.
Therefore, all the parameters in the Lagrangians(LV,A) are fixed.
Besides the Lagrangians(3,10), appropriate meson(pseudoscalar, vector, and axial-vector)vertices
are needed in studying the τ mesonic decays and all these vertices can be derived from the
Lagrangian(19) and they are fixed[11]. The most of these vertices have been tested by
calculating appropriate decay widths and the results agree with data well. Therefore, the
Lagrangians of the weak interactions of mesons are completely determined. There are no
other undetermined parameters in studying τ mesonic decays. This effective theory makes
definite predictions for τ mesonic decays.
4 a1 dominance in τ → πππν
The a1 meson has a long history. In determining the parameters of this meson the process
of a1 production in τ decays play an important role[18,19]. In Ref.[19] the flux tube quark
model has been exploited to study τ → πππν. The decay rate of τ → a1ν has been calculated
by the effective chiral theory[11]. However, the effect of wide resonance should be taken into
account. On the other hand, the experimental observations[20-23,25,27] have reported the
a1 dominance in τ → 3πν.
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Only the axial-vector part of the Lagrangian, LA, takes part in this process. There are
five diagrams contributing to this decay: a1 couples to ρπ, W-boson couples to ρπ directly, π
couples to ρπ, a1 directly couples to three pions, and π directly couples to three pions. The
study done in Ref.[11] indicates that the contribution of the four π coupling to ππ scattering
is smaller than the contribution of ρ exchange by two orders of magnitude. From Ref.[11]
it is learned that the contribution of the vertex of a1πππ to a1 decay is very small and this
result agrees with data. Therefore, we omit the contributions of both the vertices of the
four π and the a1πππ. The remaining three diagrams indicate the existence of ρ resonances
in the final states of τ → 3πν and this result is in agreement with data[26,27]. From these
three vertices: a1ρπ, Wρπ, and πρπ (ρππ is included too)it is not obvious why a1 dominates
this decay. This is a crucial test on this theory. The vertices derived in Ref.[11] contribute
to τ → πππν
La1ρpi = ǫijk{Aaiµρjµπk − Baiµρjν∂µνπk +Daiµ∂µ(ρjν∂νπk)}, (26)
A =
2
fpi
gfa{ m
2
a
g2f 2a
−m2ρ + p2[
2c
g
+
3
4π2g2
(1− 2c
g
)]
+q2[
1
2π2g2
− 2c
g
− 3
4π2g2
(1− 2c
g
)]}, (27)
c =
f 2pi
2gm2ρ
, (28)
B = − 2
fpi
gfa
1
2π2g2
(1− 2c
g
), (29)
D = − 2
fpi
fa{2c+ 3
2π2g
(1− 2c
g
)}, (30)
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Lρpipi = 2
g
ǫijkρ
i
µπ
j∂µπk − 2
π2f 2pig
{(1− 2c
g
)2 − 4π2c2}ǫijkρiµ∂νπj∂µνπk
− 1
π2f 2pig
{3(1− 2c
g
)2 + 1− 2c
g
− 8π2c2}ǫijkρiµπj∂2∂µπk, (31)
where p is the momentum of ρ meson and q is the momentum of a1. Because the mesons of
the vertices are not necessary to be on mass-shell, hence, in Eqs.(26,31) the divergence of aµ
and ∂2πk are kept. In the chiral limit, these new terms do not contribute to the decays of ρ
or a1, however they are important in keeping the axial-vector current conserved in τ → 3πν
in the chiral limit. The vertex LWρpi is derived by using the substitution(6) in Eq.(26).
The two pions in τ → 3πν are from the decays of ρ meson, therefore, we only need to
show that the axial-vector current is conserved (in the limit of mq → 0) in τ → ρπν, then
this conservation is satisfied in τ → 3πν.
Using LA(10) and three vertices La1ρpi(26), LWρpi, and Lρpipi(31), the matrix element of
the axial-vector current of τ− → ρ0π− is obtained as
< ρ0π−|ψ¯τ+γµγ5ψ|0 >= i√
4ωE
{ 1
fa(q2 −m2a)
(qµqν − q2gµν)(Agλν +Bkλkν)ǫ∗λσ
− ∆m
2fa
q2 −m2a
(
qµqν
q2
− gµν)(Agλν +Bkλkν)ǫ∗λσ −
∆m2fa
m2a
qµ
q2
(A+ k · qB)k · ǫ∗σ
+
1
fa
(Agµν +Bkµkν)ǫ
∗ν
σ − (
1
fa
− ∆m
2fa
m2a
)Dk · ǫ∗σqµ
−4fpi
g
qµ
q2
{1 + p
2
2π2f 2pi
[(1− 2c
g
)2 − 4π2c2] + q
2
2π2f 2pi
(1− 2c
g
)(1− c
g
)}k · ǫ∗σ}, (32)
where k, p, and q are the momenta of pion, ρ, and a1 respectively. In the effective Lagrangian
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of mesons[11] derived from the Lagrangian (19) there is mass term of the a1 meson, therefore,
the propagator of a1 field is taken to be
i
(2π)4
1
q2 −m2a
(−gµν + qµqν
m2a
). (33)
There are cancellations in Eq.(32). Using Eqs.(24,25,27,28,29,30), it is proved
−∆m
2fa
m2a
(A+ k · qB) + 1
fa
(A+Bk · q)− ( 1
fa
− ∆m
2fa
m2a
)Dq2
−4fpi
g
{1 + p
2
2π2f 2pi
[(1− 2c
g
)2 − 4π2c2] + q
2
2π2f 2pi
(1− 2c
g
)(1− c
g
)} = 0. (34)
Eq.(34) leads to the conservation of axial-vector current in the limit of mq = 0
qµ < ρ0π−|ψ¯τ+γµγ5ψ|0 >= 0.
From this discussion it is learned that in order to have the axial- vector conserved(in the
limit of mq = 0) the new term(9) is necessary to be included in Eq.(10). Using Eq.(34), the
matrix element(32) is rewritten as
< ρ0π−|ψ¯τ−γµγ5ψ|0 >= i√
4ωE
(
qµqν
q2
− gµν)(Agνλ +Bkνkλ)ǫ∗νσ
−∆m2fa + q2f−1a
q2 −m2a + i
√
q2Γa(q2)
+
i√
4ωE
(
qµqν
q2
− gµν)(− 1
fa
)(Agνλ +Bkνkλ)ǫ
∗ν
σ
=
i√
4ωE
(
qµqν
q2
− gµν)(Agνλ +Bkνkλ)ǫ∗νσ
g2fam
2
ρ − if−1a
√
q2Γa(q
2)
q2 −m2a + i
√
q2Γa(q2)
(35)
It is necessary to point out that the Breit-Wigner formula of the axial-vector meson, a1, is
new and is different from the one of the vector meson(see section 7). This difference is caused
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by the dynamical chiral symmetry breaking. It is also important to notice that the amplitude
A(27) derived in Ref.[11] strongly depends on the momentum. Due to the cancellation in
Eq.(27) this dependence is significant.
The decay width of a1 meson has been introduced. The a1 dominance in τ → ρπν is
revealed and the dominance is caused by the cancellation(34) which leads to the axial-vector
current conservation. Using the vertex Lρpipi(31), the matrix element is derived
< π+π−π−|ψ¯τ+γµγ5ψ|0 >= i√
8ω1ω2ω3
(−gµν + qµqν
q2
)
g2fam
2
ρ − i
√
q2f−1a Γa(q
2)
q2 −m2a + i
√
q2Γa(q2)
{ fρpipi(k
2)
k2 −m2ρ + ikΓρ(k2)
[A(k2)(k2 − k3)ν +Bk1νk1 · (k2 − k3)]
fρpipi(k
′2)
k′2 −m2ρ + ik′Γρ(k′2)
[A(k
′2)(k1 − k3)ν +Bk2νk2 · (k1 − k3)]}, (36)
fρpipi(k
2) =
2
g
{1 + k
2
2π2f 2pi
[(1− 2c
g
)2 − 4π2c2]},
Γρ(k
2) =
f 2ρpipi
48π
k2
mρ
(1− 4m
2
pi
k2
)
3
2 , (37)
where ki(i = 1, 2, 3) are the momenta of π
−, π−, and π+, k = k2 + k3, k
′ = k1 + k3,
q = k1 + k2 + k3. A(k
2)(A(k
′2)) are obtained by taking p2 = k2(k
′2) and p2a = q
2 in Eq.(27)
, and Γa is defined in Eq.(39). The distribution of the decay width of τ
− → π−π−π+ν is
derived
dΓ
dq2dk2dk‘2
=
G2
(2π)5
cos2θC
3072m3τq
6
(m2τ − q2)2(m2τ + 2q2)(q2 − k2)2
g4f 2am
4
ρ + q
2f−2a Γ
2
a(q
2)
(q2 −m2a)2 + q2Γ2a(q2)
F (k2, k
′2),
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G(k2, k
′2) = { fρpipi(k
2)
(k2 −m2ρ)2 + k2Γ2ρ(k2)
(k2 −m2ρ)[A(k2) + k1 · (k2 − k3)B]
+
fρpipi(k
′2)
(k′2 −m2ρ)2 + k′2Γ2ρ(k′2)
(k
′2 −m2ρ)2A(k
′2)}2
+{ fρpipi(k
2)
(k2 −m2ρ)2 + k2Γ2ρ(k2)
√
k2Γρ(k
2)[A(k2) + k1 · (k2 − k3)B]
+
fρpipi(k
′2)
(k′2 −m2ρ)2 + k′2Γ2ρ(k′2)
√
k′2Γρ(k
′2)2A(k
′2)}2.
F (k2, k
′2) =
1
2
{G(k2, k′2) +G(k′2, k2)}. (38)
Γa is derived from the vertices(26,31)
Γa(q
2) =
1
192(2π)3maq4
∫
dq21dq
2
2(q
2 − q21)2{
fρpipi(q
2
1)
(q21 −m2ρ)2 + q21Γρ(q21)
(q21 −m2ρ)
[A(q21) +
1
2
(q23 − q22)B] +
fρpipi(q
2
2)
(q22 −m2ρ)2 + q22Γρ(q22)
(q22 −m2ρ)2A(q22)]}2
+{ fρpipi(q
2
1)
(q21 −m2ρ)2 + q21Γρ(q21)
√
q21Γρ(q
2
1)[A(q
2
1) +
1
2
(q23 − q22)B] +
fρpipi(q
2
2)
(q22 −m2ρ)2 + q22Γρ(q22)
√
q22Γρ(q
2
2)2A(q
2
2)]}2, (39)
where q21 = (q − k1)2, q22 = (q − k2)2, q23 = (q − k3)2, and k1, k2,and k3 are momentum of
the three pions respectively. There are two decay modes: π+π−π− and π−π0π0 which have
equal branching ratio. The branching ratios are computed to be
B(τ → π+π−π−ν) = B(τ → π−π0π0ν) = 6.3%. (40)
The comparison with experiments is presented in Table I. The distribution of dΓ(τ →
18
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d
√
q2
× 1015
FiG.1 GeV
π+π−π−ν)/dq is shown in Fig.1. From Fig.(1) the decay width is determined to be
Γa = 386MeV. (41)
The data is ∼ 400MeV [28]. The comparison with experiments using the model[19] is pre-
sented in Table II. The starred results are taken from[19].
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5 a1 dominance in τ → f1(1285)πν
f1 meson is the chiral partner of ω meson[11] and the mass formula of f1 meson is derived
in Ref.[11]
(1− 1
2π2g2
)m2f1 = 6m
2 +m2ω, mf1 = 1.21GeV. (42)
The vertex of f1(1285)a1π is presented in Ref.[11] (a factor of -4 has been lost),
Lf1a1pi = 1
π2fpi
1
g2
(1− 1
2π2g2
)−1εµναβfµ∂νπ
i∂αa
i
β. (43)
The narrow width of the decay f1 → ρππ is revealed from this vertex[11]. Using the sub-
stitution(6), the vertex LWf1pi is derived. The vertex Lf1a1pi has abnormal parity, hence it
belongs to WZW anomaly. Therefore, the WZW anomaly can be tested in τ mesonic decay.
Only the axial-vector part of the weak interaction contributes to the decay τ → f1πν. Using
the Lagrangian LA(10), it is obtained
< f1π|ψ¯τ+γµγ5ψ|0 >= − 1√
4ωE
1
π2fpig2
(1− 1
2π2g2
)−1
g2fam
2
ρ − iqf−1a Γa(q2)
q2 −m2a + iqΓa(q2)
εµναβkνqαǫ
∗σ
β ,
(44)
where k is the momentum of the pion and q = p+ k, p is the momentum of f1 meson.
The decay width is derived
Γ =
G2
(2π)3
cos2θC
128m3τ
∫
dq2
1
q4
(m2τ − q2)2(m2τ + 2q2)(q2 −m2f )3
f 4a
π4f 2pi
g4f 2am
4
ρ + q
2f−2a Γ
2
a(q
2)
(q2 −m2a)2 + q2Γ2a(q2)
. (45)
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a1 is dominant in this decay. The theoretical prediction of the branching ratio of this decay
is
B(τ → f1πν) = 2.91× 10−4. (46)
The data is (6.7±1.4±2.2)×10−4[29]. Two factors result in the small branching ratio. Small
phase space is the first factor and the second factor is the anomalous coupling. The effective
theory proposed in Ref.[11] is a theory at low energies, therefore, derivative expansion is
exploited. In this theory the anomalous couplings are at the fourth order in derivatives.
Comparing with the couplings at the second order in derivatives, the anomalous couplings
are weaker. This is the reason why the widths of ρ and a1 are broader(the two vertices are
at the second order in derivative expansion) and ω and f1 → ρππ are narrower.
The distribution of the invariant mass of f1π is shown in Fig.2. The peak of the distri-
bution is resulted by both the effects of the threshold and the a1 resonance.
The experimental measurement of this decay is a test of theWess-Zumino-Witten anomaly
and the mechanism proposed in this paper.
6 τ → K∗(892)Kν
The processes τ → KKπν have been studied by many authors. The earlist study is done
by using a chiral Lagrangian [3]. In Ref.[17] a chiral Lagrangian and three resonances ρ,
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ρ′ and ρ′′ are used. In Ref.[4] the ρ meson field is introduced to a chiral Lagrangian. In
Refs.[5] a comprehensive resonace model including vector and axial-vector resonances has
been exploited. In this paper the process τ → K∗Kν is studied in terms of the same
formulas(5,10) used to study τ → 3πν and f1πν.
Both the vector and the axial-vector currents of the weak interactions contribute to the
decay τ− → (K∗K)−ν. The vector part comes from the anomaly and the vertex is presented
in Ref.[11]
LK∗Kρ = − NC
π2g2fpi
εµναβdabiK
a
µ∂νρ
i
α∂βK
b, (47)
LK∗KW can be derived by using the substitution(4). There are three vertices in the axial-
22
vector part: πK∗K, a1K
∗K, and WK∗K. As mentioned above, the later can be derived by
using the substitution(6) in the vertex a1K
∗K. The vertex LpiK∗K is given in Ref.[11]
LpiK∗K = ifK∗Kpi(q2){− 1√
2
K0µ(π
+∂µK− −K−∂µπ+)− 1√
2
K+µ (π
−∂µK¯0 − K¯0∂µπ−)
+
1
2
K0µ(π
0∂µK¯0 − K¯0∂µπ0)− 1
2
K+µ (π
0∂µK− −K−∂µπ0)}+ h.c., (48)
where q2 is the momentum squared of K∗. In the limit of mq = 0, fK∗Kpi(q
2) is the same as
fρpipi(q
2)(37). The vertex a1K
∗K is derived from Ref.[11]
La1K∗K = fabiKaµKbaiν{A(q2)K∗gµν +Bkµkν} − fabiDKaµ∂µKb∂νaiν , (49)
where A(q2)K∗ is defined in Eq.(76). In the limit of mq = 0, A, B, and D are the same as
(27,29,30). The vector matrix element is obtained from LV (3) and the vertex(47)
< K−K∗0|ψ¯τ+γµψ|0 >= − 1√
4ωE
NC√
2π2gfpi
m2ρ − i
√
q2Γρ(q
2)
q2 −m2ρ + i
√
q2Γρ(q2)
εµναβǫ∗σν qαkβ, (50)
where k is the momentum of kaon and q = p + k, p is the momentum of K∗. Because of
q2 > 4m2K , the decay mode of ρ→ KK¯ is open and we have
Γ(ρ→ ππ) = f
2
ρpipi(q
2)
48π
q2
mρ
(1− 4m
2
pi
q2
)
3
2 ,
Γ(ρ→ KK¯) = f
2
ρpipi(q
2)
96π
q2
mρ
(1− 4m
2
K
q2
)
3
2 ,
Γρ(q
2) = Γ(ρ→ ππ) + Γ(ρ→ KK¯). (51)
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The axial-vector matrix element is derived by using LK∗Kpi(48), La1K∗K(49), LWK∗K , and
LA(10)
< K−K∗0|ψ¯τ−γµγ5ψ|0 >= − i√
4ωE
1√
2
g2fam
2
ρ − i
√
q2f−1a Γa(q
2)
q2 −m2a + imaΓa(q2)
(
qµqν
q2
− gµν)(A(q2)K∗gνλ +Bkνkλ −Dkνpλ)ǫ∗λσ . (52)
The decay width is derived
dΓ
dq2
(τ− → K∗0K−ν) = G
2cos2θC
64m3τq
4
1
(2π)3
[(q2 +m2K∗ −m2K)2 − 4q2m2K∗ ]
1
2 (m2τ − q2)2
(m2τ + 2q
2){ 3
π4g2f 2pi
m4ρ + q
2Γ2ρ(q
2)
(q2 −m2ρ)2 + q2Γ2ρ(q2)
[(p · q)2 − q2m2K∗ ]
+
1
2
g4f 2am
4
ρ + f
−2
a q
2Γ2a(q
2)
(q2 −m2a)2 + q2Γ2a(q2)
[A2(q2)K∗ − 1
3
(q · k)2
q2
(2A(q2K∗B −m2K∗D2)]}, (53)
The distribution of dΓ
dq
is shown in Fig.3. There is a peak located at 1.51GeV which is caused
by both the threshold and resonance effects. The branching ratio is computed to be
B(τ → K∗0K−ν) = 0.392%,
The calculation shows that the vector current is the dominant contributor and the contri-
bution of the axial-vector current is only 7.5% of the decay rate. The data are: CLEO[30]
0.32±0.08±0.12%; ARGUS[31] 0.20±0.05±0.04%. The branching ratio of τ− → K∗−K0ν
is the same as τ− → K∗0K−ν.
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7 CVC and e+e− → ππ
As discussed in Ref.[16] that CVC works very well in both meson productions in e+e−
annihilation and τ decays. As a test of the theory explored in this paper, the same theory[11]
is used to study e+e− → π+π−.
The expression of the VMD[11] is
e
2
g{−1
2
F µν(∂µρ
0
ν − ∂νρ0µ) + Aµjν}. (54)
Using the substitution
ρµ → e
2
gAµ,
25
the current jµ is obtained from Lρpipi(31). There are two diagrams: the photon is coupled to
ππ directly and the photon is via the ρ meson coupled to ππ. The matrix element is derived
< π+π−|ψ¯τ3γµψ|0 >= 1√
4ω1ω2
gfρpipi(q
2){1− q
2
q2 −m2ρ + iqΓρ(q2)
}(k1 − k2)µ
=
1√
4ω1ω2
gfρpipi(q
2)
−m2ρ + iqΓρ(q2)
q2 −m2ρ + iqΓρ(q2)
(k1 − k2)µ, (55)
where k1 and k2 are momentum of π
+ and π− respectively, q2 = (k1+k2)
2. The cross section
is found to be
σ =
πα2
12
1
q2
(1− 4m
2
pi
q2
)
3
2 g2f 2ρpipi(q
2)
m4ρ + q
2Γ2ρ(q
2)
(q2 −m2ρ)2 + q2Γ2ρ(q2)
. (56)
The numerical results are shown in Fig.(4). Theoretical results are in good agreement with
data[32]. Systematic study of meson production in e+e− collisions will be presented some-
where else.
The pion form factor is found from Eq.(56)
|F (q2)|2 = (g
2
fρpipi(q
2))2
m4ρ + q
2Γ2ρ(q
2)
(q2 −m2ρ)2 + q2Γ2ρ(q2)
.
The new point in this study is that the coupling fρpipi(37) is a function of q
2. As a matter
of fact, fρpipi(q
2) is the form factor of the vertex ρππ. The chiral theory of mesons presented
in Ref.[11] is a theory at low energies(the energy scale Λ is determined to be 1.6GeV[11]) and
covariant derivative expansion is exploited. In Eq.(37) part of the q2 dependence of fρpipi,
26
q2
2pi2f2pi
(1− 2c
g
)2 comes from the the fourth order in derivatives and q
2
2pi2f2pi
(−4π2c2) comes from
−1
8
Trρµνρµν ,
where ρµν is the strength of the nonabelian ρ field[11]. The radius of the charged pion is
derived from the the pion form factor in the space-like region of q2
< r2 >pi=
6
m2ρ
+
3
π2f 2pi
{(1− 2c
g
)2 − 4π2c2}.
In Ref.[11] g = 0.35 is chosen and the last two terms are cancelled out. In this paper we
choose g = 0.39 to have better fitts and
< r2 >pi= (0.393 + 0.0549)fm
2 = 0.447fm2.
The first number is from the ρ pole and the second comes from the form factor fρpipi and it
is 12.2% of the total value.
The data[33] is (0.44± 0.01)fm2.
It is necessary to point out that the new expression of the pion form factor is still resulted
in the VMD and the ρππ coupling constant is substituted by the form factor of ρππ. On the
other hand, the ρππ form factor increases the value of the pion form factor at higher q2.
In the chiral limit, the form factors of the vertices ρKK¯, ρK∗K, K∗Kπ, and K∗Kη are
the same. These form factors result physical effects in corresponding tau decays.
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8 τ → ωπν
This process has been studied in Ref.[8] by using the abnormal vertex ρωπ. The effects of
excited ρ mesons have been taken into account. In this paper we only take the contribution
of the ρ meson. The ωρπ vertex is presented in Ref.[11]
Lωρpi = − NC
π2g2fpi
εµναβ∂µωνρ
i
α∂βπ
i.
The vertices of π0γγ, ωπγ, ρπγ, and ω3π are via the VMD derived from this vertex and
theoretical results agree with data well. The coupling constant of this ωρπ vertex is different
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with the one presented in Ref.[8]. The decay width of τ → ωπν is derived
Γ =
G2
128m3τ
cos2θC
(2π)3
∫
dq2
1
q4
(m2τ − q2)2(m2τ + 2q2)(q2 −m2ω)3
3
π4g2f 2pi
m4ρ + q
2Γ2ρ(q
2)
(q2 −m2ρ)2 + q2Γ2ρ(q2)
. (57)
The numerical result of the branching ratio is
B = 1.2%,
and the experiment is 1.6± 0.5%[28]. This result is the same as the one obtained in Ref.[8]
when only ρ meson is taken. The distribution of the invariant mass of ω and π is shown in
Fig.(5).
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9 τ → KK¯ν
This process has been studied by several groups[34]. The a1 field doesn’t couple to KK¯. The
vertex a1KK¯ in which the tensor ε
µναβ must be involved cannot be constructed. Therefore,
only the vector current contributes to this decay. The vertex LvKK¯ has been used to calculate
the electric form factors of charged kaon and neutral kaon and theoretical predictions are in
good agreements with data[11]. We use the same vertex(only the isovector part) to calculate
the decay rate of τ → KK¯ν. This is a test of CVC. The related vertex is presented in
Ref.[11]
LρKK¯ = i√
2
fρKK{ρ−µ (K+∂µK¯0 − K¯0∂µK+)− ρ+µ (K−∂µK0 −K0∂µK−)}, (58)
where fρKK is the same as the fρpipi(37) in the limit of mq = 0. By using VMD(3) and the
vertex(58), the matrix element is derived
< K−K0|ψ¯τ+γµψ|0 >= 1√
4ω1ω2
1√
2
(k1 − k2)µgfρpipi(q2)
−m2ρ + iqΓρ(q2)
q2 −m2ρ + iqΓρ(q2)
, (59)
where k1 and k2 are momentum of two kaons respectively and q = k1+k2. Using this matrix
element, the decay width is obtained
dΓ
dq2
(τ → K0K¯−ν) = G
2
(2π)3
cos2θC
384m3τ
(m2τ−q2)2(m2τ+2q2)(1−
4m2K
q2
)
3
2g2f 2ρpipi(q
2)
m4ρ + q
2Γ2ρ(q
2)
(q2 −m2ρ)2 + q2Γ2ρ(q2)
.
(60)
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The branching ratio is computed to be
B = 0.27%
and the data are TPC/2γ[35]:< 0.26, ALEPH[36]: 0.26 ± 0.09 ± 0.02, CLEO[37]: 0.151 ±
0.021± 0.022. The distribution of the decay rate is shown in Fig.6.
Due to the effects of the threshold and the ρ resonance there is a peak in the distribution
and it is positioned at 1.17GeV.
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10 The form factors of π− → eγν
As a test of LV,A(3,10), we study the vector and the axial-vector form factors of π− → eγν.
In π− → γeν there are inner bremsstrahlung from the lepton and meson and structure-
dependent term[28]. The form factors of the structure-dependent term have been studied[28].
The the structure-dependent form factors are defined as[28]
MVSD +M
A
SD = e
G√
2
cosθCmpiǫ
∗
ν ν¯γµ(1− γ5)e
{F V εµναβppiαkβ + iFA[gµνk · ppi − kµpνpi] + iRtgµν}, (61)
where k and ppi are momentum of photon and pion respectively, t = k
2. It is known that
F V is via CVC determined by the amplitude of π0 → 2γ. In this theory the amplitude of
π0 → 2γ obtained by triangle anomaly is obtained by combining the vertex Lωρpi and VMD.
Using LV (3), Lωρpi, and VMD, it is obtained
F V =
mpi
2
√
2π2fpi
= 0.0268. (62)
The experiments[28] are 0.014± 0.009, 0.023+0.015−0.013.
The form factors FA and R are determined by calculating the matrix element < γ|ψ¯τ−γµγ5ψ|π+ >
which is via VMD found from < ρ0|ψ¯τ−γµγ5ψ|π+ > (35). However, for pion weak radiative
decay besides the axial-vector current conservation(in the limit mq = 0) the electric current
is conserved too. In order to satisfy the electric current conservation, the divergence of ρ
32
field which is ignored in the vertex La1ρpi(26) must be kept and the term derived from the
effective Lagrangian of Ref.[11] is
−Dǫijkaiµ∂µπj∂νρkν , . (63)
where D is given in Eq.(30) Adding the term(63) to the matrix element(35) we obtain
< γ|ψ¯τ−γµγ5ψ|π+ >= ie√
4ωpiωγ
(
qµqν
q2
− gµν){Agλν +Bppiνppiλ +Dkνkλ}ǫ∗λσ
1
2
g3fa
1
q2 −m2a
m2ρ
m2ρ − k2
,(64)
where q = ppi − k. Using the expressions of A(27), B(29), and D(30), it is proved that
A+ k · ppiB +Dk2 = 0. (65)
Eq.(65) guarantees the electric current conservation. Ignoring q2 and k2, the two form factors
are found
FA =
1
2
√
2π2
mpi
fpi
m2ρ
m2a
(1− 2c
g
)(1− 1
2π2g2
)−1 = 0.0102, (66)
R =
g2
2
√
2
mpi
fpi
m2ρ
m2a
{2c
g
+
1
π2g2
(1− 2c
g
)}(1− 1
2π2g2
)−1. (67)
The experimental values[28] of FA are 0.0106± 0.006, 0.0135± 0.0016, 0.011± 0.003.
11 Effective Lagrangian of ∆s = 1 weak interactions
It is natural to generalize the expressions of LV,A(3,10) to the case of three flavors. The
vector part of the weak interaction, instead ρ meson in Eq.(3) the K∗(892) meson takes part
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in
LV s = gW
4
sinθC
1
fK∗
{−1
2
(∂µW
+
ν − ∂νW+µ )(∂µK−ν − ∂νK−µ)
+(∂µW
−
ν − ∂νW−µ )(∂µK+ν − ∂νK+µ) +W+µ j−µ +W−µ j+µ}, (68)
Where j±µ are obtained by substituting K
±
µ → gW4 1fK∗ sinθCW
±
µ into the vertex in which Kµ
fields are involved. In the chiral limit, fK∗ is determined to be g
−1[11]. This Lagrangian has
been used to calculate the form factors of Kl3[11] and the results are in good agreement with
data.
For axial-vector part LA there are two 1+ K-mesons: K1(1400) and K1(1275). In Ref.[11]
the chiral partner of K∗(892) meson, the K1 meson, is coupled to
ψ¯λaγµγ5ψ. (69)
The mass of this K1 meson is derived as
(1− 1
2π2g2
)m2K1 = 6m
2 +m2K∗, mK1 = 1.32GeV. (70)
Theoretical value of mK1 is lower than the mass of K1(1400) and greater than K1(1270)’s
mass. The widths of three decay modes (K1 → K∗π, Kρ, Kω) are calculated[11]. It is found
that K∗π channel is dominant, however, B(Kρ) is about 11%. The data[28] show that the
branching ratio of K1(1400) decaying into Kρ is very small. Therefore, the meson coupled
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to the quark axial-vector current is not a pure K1(1400) state, instead, it is a mixture of the
two K1 mesons. This state is coupled to the quark axial-vector current(69) and it is Ka.
Ka = cosθK1(1400) + sinθK1(1270),
Kb = −sinθK1(1400) + cosθK1(1270). (71)
In this theory Ka is coupled to the quark axial-vector current and the amplitudes of τ → Kaν
is from the tree diagrams and at O(NC) [11]. The production of Kb in τ decay is through
loop diagrams of mesons which is at O(1) in large Nc expansion[11]. This theory predicts a
small branching ratio for Kb production in τ decays.
In the limit of mq = 0, the currents ψ¯λaγµψ and ψ¯λaγµγ5ψ form an algebra of SU(3)L×
SU(3)R. In this theory Ka is taken as the chiral partner of K
∗ meson. The axial-vector part
of the weak interaction LA(10) is generalized to the case of ∆s = 1
LAs = −gW
4
1
fa
sinθC{−1
2
(∂µW
±
ν − ∂νW±µ )(∂µK∓νa − ∂νK∓µa ) +W±µj∓µ }
−gW
4
sinθC∆m
2faW
±
µ K
∓,µ
a −
1
4
sin θCfKW
±
µ ∂
µK∓, (72)
where j±µ are obtained by substituting K
±
aµ → − gW4fa sinθCW±µ into the vertex in which Ka
fields are involved. In the limit of mq = 0, fa, ∆m
2 are the same as Eqs.(23,25) and fK = fpi.
LAs(72) can be exploited to study τ mesonic decays. On the other hand, τ mesonic decays
of ∆s = 1 provide crucial test on LAs.
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12 Ka dominance in τ → Kππν decay
The processes τ → Kππν have been studied by many authors. In Ref.[3] a chiral Lagrangian
of the psedoscalars with introduction of vector resonances(ρ and K∗) has been used to cal-
culate the branching ratios of τ → Kππ. In Ref.[4] a chiral Lagrangian of pseudoscalars and
ρ mesons is exploited. In Refs.[38] the the mixture of the two K1 resonances are phenomeno-
logically taken into account in studying the decay τ → K1(1400)(K1(1270))ν. In Refs.[5]
meson vertices(independent of momentum) and normalized Breit-Wigner propergators of the
resonances are exploited.
In this theory, like τ → 3πν, the contribution of the contact terms containing more than
three mesons to the processes τ → Kππν is too small and the processes are dominated by
τ → K∗πν and Kρν.
12.1 τ → K∗πν
We study the decay τ → K∗πν first. Both the vector and axial-vector currents contribute
to the decay τ− → K¯∗0π−ν. The vertex LpiK∗K¯∗ contributes to the vector part and has
abnormal parity. It is from anomaly. This vertex is derived from
−i2m
fpi
πi < ψ¯τiγ5ψ > .
36
The method obtaining the vertex LpiK∗K¯∗ from this quantity is the same as the one used to
derive the vertices of ηvv(v = ρ, ω, φ) in Ref.[11].
LpiK∗K¯∗ = − NC√
2π2g2fpi
εµναβ{∂µK+ν ∂αK¯0βπ− + ∂µK−ν ∂αK0βπ+
+
1√
2
π0(∂µK
+
ν ∂αK
−
ν − ∂µK0ν∂αK¯0β)}. (73)
The vertex LWK∗0pi− is derived by using the substitution. Using LV s(68) and the vertex(73),
the vector matrix element is obtained
< K¯∗0π−|ψ¯λ+γµψ|0 >= −1√
4ωE
1√
2
NC
π2g2fpi
m2K∗ − i
√
q2ΓK∗(q
2)
q2 −m2K∗ + i
√
q2ΓK∗(q2)
εµναβkνpαǫ
∗σ
β , (74)
where p and k are momentum of K∗ and pion respectively, q = k + p.
The axial-vector matrix element is obtained by using the vertices: KaK
∗π, KK∗π which
are presented in Ref.[11]. In the chiral limit, the expression of the matrix element of the
axial-vector current is similar to Eq.(35)
< K¯∗0π−|ψ¯λ+γµγ5ψ|0 >= i√
4ωE
1√
2
(
qµqν
q2
− gµν)ǫ∗λσ
{ g
2fam
2
K∗ − iqf−1a ΓK1(1400)(q2)
q2 −m2K1(1400) + iqΓK1(1400)(q2)
cosθ(AK1(1400)(q
2)K∗g
νλ +BK1(1400)k
νkλ)
+
g2fam
2
K∗ − iqf−1a ΓK1(1270)(q2)
q2 −m2K1(1270) + iqΓK1(1270)(q2)
sinθ(AK1(1270)(q
2)K∗g
νλ +BK1(1270)k
νkλ)} (75)
Let’s determine the amplitudes AK1(1400), BK1(1400), AK1(1270), and BK1(1270). Eqs.(71) are
written as
K1(1400) = cosθKa − sinθKb,
37
K1(1270) = sinθKa + cosθKb. (76)
The vertex of K1V P is presented in Ref.[11]
LK1V P = fabc{AKa1µV bµP c − BKaµV bν∂µ∂νP c}. (77)
It is similar to Eq.(27) the amplitude AK
∗
Ka
is determined to be
A(q2)K
∗
Ka
=
2
fpi
gfa{m
2
Ka
g2f 2a
−m2K∗ +m2K∗ [
2c
g
+
3
4π2g2
(1− 2c
g
)]
+q2[
1
2π2g2
− 2c
g
− 3
4π2g2
(1− 2c
g
)]}. (78)
BKa is the same as Eq.(29). The amplitudes A
K∗
Kb
and BK
∗
Kb
are unknown and we take
them as parameters. Both K1(1400) and K1(1270) decay to Kρ and Kω. Using the SU(3)
coefficients, for both K1, it is determined
B(Kω) =
1
3
B(Kρ).
This relation agrees with data[28] reasonably well. For the Kρ decay mode AρKb and B
ρ
Kb
are
other two parameters. In the decays of the two K1 mesons the momentum of pion or kaon
is low, therefore, the decay widths are insensitive to the amplitude B. We take
BK
∗
Kb
= BρKb ≡ Bb.
The decay width of the K1 meson is derived from Eq.(77)
ΓK1 =
k
32π
1√
q2mK1
{(3 + k
2
m2v
)A2(q2)−A(q2)B(q2 +m2v)
k2
m2v
+
q2
m2v
k4B2}, (79)
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where q2 = m2K1 , v = K
∗, ρ, k is the momentum of pion or kaon
k = { 1
4m2K1
(m2K1 +m
2
v −m2P )2 − 4m2v}
1
2 ,
mP is the mass of pion or kaon.
we choose the parameters as
θ = 300, AK
∗
b = −4.5GeV, Aρb = 5.0GeV, Bb = 0.8GeV −1, (80)
from which the decay widths are obtained
Γ(K1(1400)→ K∗π) = 159MeV, Γ(K1(1400)→ Kρ) = 10.5MeV,
Γ(K1(1270)→ K∗π) = 12.4MeV, Γ(K1(1270)→ Kρ) = 26.8MeV. (81)
The value of θ is about the same as the one determined in Ref.[38]. The data[28] are
163.4(1±0.13)MeV, 5.22±5.22 MeV, 37.8(1±0.28)MeV, and 14.4(1±0.27)MeV respectively.
Using the two matrix elements(74,75), the distribution of the decay rate is derived
dΓ
dq2
(τ− → K¯∗0π−ν) = G
2
(2π)3
sin2θC
128m3τq
4
(m2τ − q2)2(m2τ + 2q2){(q2 +m2K∗ −m2pi)2 − 4q2m2K∗}
1
2
{ 6
π4g2f 2pi
m4K∗ + q
2Γ2K∗(q
2)
(q2 −m2K∗)2 + q2Γ2K∗(q2)
[(p · q)2 − q2m2K∗ ]
+|A|2[1 + 1
12m2K∗q
2
(q2 −m2K∗)2]− (BA∗ +B∗A)
1
24m2K∗q
2
(q2 +m2K∗)(q
2 −m2K∗)2
+
|B|2
48m2K∗q
2
(q2 −m2K∗)4}. (82)
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where p is the momentum of K∗, q2 is the invariant mass squared of K∗π, and
A =
g2fam
2
K∗ − i
√
q2f−1a ΓK1(1400)
q2 −m2K1(1400) + i
√
q2ΓK1(1400)
cosθAK
∗
K1(1400) +
g2fam
2
K∗ − i
√
q2f−1a ΓK1(1270)
q2 −m2K1(1270) + i
√
q2ΓK1(1270)
sinθAK
∗
K1(1270),
B =
g2fam
2
K∗ − i
√
q2f−1a ΓK1(1400)
q2 −m2K1(1400) + i
√
q2ΓK1(1400)
cosθBK
∗
K1(1400) +
g2fam
2
K∗ − i
√
q2f−1a ΓK1(1270)
q2 −m2K1(1270) + i
√
q2ΓK1(1270)
sinθBK
∗
K1(1270),(83)
where
AK
∗
K1(1400)
= cosθAK
∗
a − sinθAK
∗
b , B
K∗
K1(1400)
= cosθBa − sinθBb,
AK
∗
K1(1270)
= sinθAK
∗
a + cosθA
K∗
b , B
K∗
K1(1270)
= sinθBa + cosθBb, (84)
In the range of q2 the main decay channels of K∗ are Kπ and Kη(the vertex of K∗Kη is
shown in (88)). The decay width of K∗ is derived
Γ(q2)K∗ =
f 2ρpipi(q
2)
8π
k3√
q2mK∗
+ cos2200
f 2ρpipi(q
2)
8π
k
′3
√
q2mK∗
,
k = { 1
4q2
(q2 +m2K −m2pi)2 −m2K}
1
2 ,
k′ = { 1
4q2
(q2 +m2K −m2η)2 −m2K}
1
2 . (85)
In ΓK1(q
2) the decay modes K∗π, Kρ and Kω are included.
Γ(q2)K1 =
k
32π
1√
q2mK1
{(3 + k
2
m2K∗
)A2(q2)K∗ − A(q2)K∗B(q2 +m2K∗)
k2
m2K∗
+
q2
m2K∗
k4B2}
+
4
3
k′
32π
1√
q2mK1
{(3 + k
2
m2ρ
)A2(q2)− A(q2)B(q2 +m2ρ)
k2
m2ρ
+
q2
m2ρ
k4B2},
k = { 1
4q2
(q2 +m2K∗ −m2pi)2 −m2K∗}
1
2 ,
k′ = { 1
4q2
(q2 +m2K −m2ρ)2 −m2K}
1
2 . (86)
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For K1(1270) Γ(K1(1270)→ K∗0(1430)π) = 25.2MeV is included. The distribution is shown
in Fig.7 and the branching ratio is calculated
B(τ− → K¯∗0π−ν) = 0.23%,
The contribution of the vector current is about 7.4%. Therefore, Ka is dominant in this
decay. The data are
0.38± 0.11± 0.13%(CLEO[39])
0.25± 0.10± 0.05%(ARGUS[40])
There is another decay channel τ− → K∗−π0ν whose branching ratio is one half of B(τ− →
41
K¯∗0π−ν. The total branching ratio is
B(τ− → K¯πν) = 0.35%,
The narrow peak in Fig.7 is from K1(1270) and the wider peak comes from K1(1400). The
width is about 230MeV.
12.2 τ → Kρν and Kων
It is the same as τ → K∗πν, Ka dominates the decay τ → Kρν. Both the vector and axial-
vector currents contribute to this decay mode. The matrix element of the vector current,
< K¯0ρ−|ψ¯λ+γµψ|0 > is determined by the vertex LK∗Kρ(47) and is the same as Eq.(50).
The axial-vector matrix element < K¯0ρ−|ψ¯λ+γµγ5ψ|0 > is obtained by substituting
K∗ → ρ, K → π
in Eq.(75). Using the same substitutions in Eq.(83), the distribution of the decay rate of
τ → Kρν is found. The branching ratio of τ → Kρν(two modes K¯0ρ− and K−ρ0) is
computed to be
B = 0.75× 10−3. (87)
It is about 18% of τ → Kππν. The vector current makes 8% contribution. The DELPHI[41]
has reported that τ → K∗πν is dominant the decay τ → Kππν and Kρν decay mode has
42
not been observed. The ALEPH[42] has reported the K∗π dominance and a branching ratio
of 30± 11% for the Kρ mode.
Due to the SU(3) coefficient we expect
B(τ → Kων) = 1
3
B(τ → Kρν).
The theoretical results are in reasonably agreement with data. In this paper the sponta-
neous chiral symmetry breaking effect(for the mass difference between K∗ and Ka) is taken
into account and the resonance formula is(Eq.(83))
BWK1[s] ≡
−g2f 2am2K∗ + i
√
q2ΓK1
q2 −m2K1 + i
√
q2ΓK1
.
Because the spontaneous chiral symmetry breaking effect doesn’t disappear in the limit of
q2 → 0, we have a different low energy limit which is g2f 2a m
2
K∗
m2
K1
. On the other hand, in this
theory the amplitude A strongly depends on q2 and this dependence plays important role in
understanding the large branching ratio of K∗π mode and the smaller one for Kρ mode.
13 τ → K∗η
There are vector and axial-vector parts in this decay. The calculation of the decay rate is
similar to the decay of τ → K∗πν. The vertices LK∗K¯∗η and LWK∗η via the Lagrangian
LV s(68) contribute to the vector part and the vertices LK1K∗η, LKK∗η, and LWK∗η via LAs
43
take the responsibility for the axial-vector part. The vertex LK∗K¯∗η comes from anomaly.
Using the same method deriving the vertices ηvv (in Ref.[11]) , it is found
LK∗K¯∗η = − 3a
2π2g2fpi
dab8ε
µναβη∂µK
a
ν∂αK
b
β −
3b
2π2g2fpi
εµναβη∂µK
a
ν∂αK
a
β , (88)
where a and b are the octet and singlet component of η respectively, a = cosθ, b =
√
2
3
cosθ,
and θ = −200. Due to the cancellation between the two components the vector matrix
element is very small and can be ignored.
The vertices LK1K∗η and LKK∗η contribute to the axial-vector matrix element and they
are derived from the effective Lagrangian presented in Ref.[11].
LK1K∗η = afab8{A(q2)K∗KaµKbνη −BKaµKbν∂µνη} (89)
LK∗Kη = afK∗Kηfab8Kaµ(Kb∂µη − η∂µKb), (90)
where fK∗Kη is the same as fρpipi(37) in the limit of mq = 0. The decay width is similar to
the one of τ → K∗πν
dΓ
dq2
(τ− → K∗−ην) = G
2
(2π)3
cos2200
sin2θC
64m3τq
4
(m2τ − q2)2(m2τ + 2q2)
{3
4
{|A|2[1 + 1
12m2K∗q
2
(q2 −m2K∗)2]− (BA∗ +B∗A)
1
24m2K∗q
2
(q2 +m2K∗)(q
2 −m2K∗)2
+
|B|2
48m2K∗q
2
(q2 −m2K∗)4]}}. (91)
The distribution is shown in Fig.8. The branching ratio is computed to be
B = 1.01× 10−4.
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The axial-vector current is dominant.
14 τ → Kην
The decay τ → ηKν has been studied in terms a chiral Lagrangian[3,7] and only the vector
current contributes. The prediction is 1.2× 10−4. The experiments are
CLEO[43]: (2.6± 0.5)× 10−4,
ALEPH[44]: (2.9+1.3−1.2 ± 0.7)× 10−4.
In the effective chiral theory the vertex K1Kη doesn’t exist. The reason is that if it exists
it has abnormal parity and comes from the anomaly in which there is antisymmetric tensor.
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It is impossible to construct a vertex with a antisymmetric tensor by using K1, K, and η
fields. Therefore, only the vector current contributes to this process and K∗ is dominant in
this process. The vertex LK∗Kη is shown in Eq.(90). The decay width is found
dΓ
dq2
=
3
4
G2
(2π)3
sin2θCcos
2200
1
384m3τ
1
q2
(m2τ − q2)2(m2τ + 2q2)
[(q2 +m2η −m2K)2 − 4q2m2η]
1
2 g2f 2ρpipi(q
2)
m4K∗ + q
2Γ2K∗(q
2)
(q2 −m2K∗)2 + q2Γ2K∗(q2)
. (92)
The branching ratio is computed to be
B(τ− → ηK−ν) = 2.22× 10−4.
The distribution of the invariant mass of η and K is shown in Fig.(9). The figure indicates
a peak at 1.086GeV which is slightly above the threshold. The peak is resulted by the effects
of the threshold and the resonance.
The branching ratio of τ → η′Kν is 200 times smaller.
15 Form factors of K+ → γlν
As a test of LV s,As(68,72) we study the form factors of K− → eγν. The form factors of
K+ → γlν are calculated in the chiral limit. The vector form factor is determined by the
vertex which comes from the anomaly[11]
LK∗+K−γ = − e
2π2gfpi
εµναβK+µ ∂βK
−∂νAα. (93)
46
050
100
150
200
250
1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
dΓ
d
√
q2
× 1017
FiG.9
√
q2 GeV
The vector form factor is determined
F V =
1
2
√
2π2
mK
fpi
= 0.095. (94)
The vertices LK1Kγ can be found from Ref.[11].
LK1Kγ = i
2
eg(Agνλ +Bpνpλ +Dkνkλ)K
−ν
1 K
+Aλ. (95)
LKKγ is[11]
LK+K−γ = ie(K+∂µK− −K−∂µK+)Aµ. (96)
The axial-vector form factors are derived
FA =
1
2
√
2π2
mK
fpi
m2K∗
m2K1
(1− 2c
g
)(1− 1
2π2g2
)−1 = 0.04, m2K1 = (1.32GeV )
2 (97)
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R =
g2
2
√
2
mK
fpi
m2K∗
m2K1
{2c
g
+
1
π2g2
(1− 2c
g
)}(1− 1
2π2g2
)−1 = 0.078. (98)
We obtain FA + F V = 0.135, FA − F V = −0.055. The data[28] are
FA + F V = 0.147 ± 0.011, 0.150+0.018−0.023, FA − F V =< 0.49. In the calculation of FA the
Ka is used, we obtain the FA = 0.032. It is necessary to point out that the factor mK in
Eqs.(88,91,92) comes from the definitions of the form factors.
16 Conclusions
The Lagrangian of weak interaction of mesons consists of vector part and axial-vector part. In
the chiral limit, the VMD takes responsibility for the vector part. Based on chiral symmetry
and spontaneous chiral symmetry breaking the Lagrangian of the axial-vector part of weak
interactions of mesons is determined. The whole Lagrangian is derived from the effective
chiral theory of mesons. All the vertices of mesons are obtained from the same theory. This
theory provides a unified study for τ mesonic decays. The a1 dominance in the matrix
elements of the ∆s = 0 axial-vector currents and Ka dominance in the ones of ∆s = 1
axial-vector currents in τ decays are found. All theoretical studies are done in the limit of
mq = 0 and the results are in reasonable agreements with data. There are many other τ
mesonic decay modes can be studied by this theory.
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Table 1: Table I Branching Ratios
Experiment[25] B(2h−h+ν)% B(h−2π0ν)%
New W.A. 9.26± 0.26 9.21± 0.14
DELPHI(92-95) 8.69± 0.12± 0.16 9.22± 0.43± 0.20
ALEPH(89-93) 9.46± 0.10± 0.11 9.32± 0.13± 0.10
CELLO(90) 9.1± 1.3± 0.9
OPAL(91-94) 9.83± 0.10± 0.24
L3(92) 8.88± 0.37± 0.42
CLEO(93) 8.7± 0.8 8.96± 0.16± 0.449
CLEO(95) 9.47± 0.07± 0.20
CBALL(91) 5.7± 0.5± 1.4
ARGUS(93) 7.3± 0.1± 0.5
MAC(87) 8.7± 0.4± 0.11
BES[16] 7.3± 0.5(π+π−π−)
Taula 2.4 7.0± 2.8 6.4± 2.8
This study 6.3(π+π−π−) 6.3(π−π0π0)
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Table 2: Table II Parameters of a1 meson
Experiment ma1(GeV) Γa1GeV
ARGUS[27] 1.211± 0.007 0.446± 0.021
DELCO∗ 1.180± 0.060 0.430± 0.190
MARKII∗ 1.250± 0.050 0.580± 0.100
ARGUS∗ 1.213± 0.011 0.434± 0.030
This study 1.20 0.386
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